Introduction
The early steps of embryonic development are characterized by a tremendous amount of cellular movement and reorganization as the basic cell lineages emerge which will give rise to the placenta and the embryo itself. A key initial step following formation of the blastocyst is the differentiation and migration of parietal endodermal cells from the inner cell mass (ICM)-derived primitive endo¬ derm to form an inner lining to the trophectoderm, thereby contributing an important component to the parietal yolk sac placenta (Enders et ai, 1978 ). Reichert's membrane, a specialized basement membrane containing type IV collagen, fìbronectin, laminin, entactin, and heparan sulphate proteoglycan (Timpl et ai, 1979; Hogan et ai, 1980; Smith & Strickland, 1981; Semoff et ai, 1982) , also begins to be deposited on the inner aspect of the trophectoderm at this stage of development (Enders et ai, 1978) . It may be that this basement membrane, in addition to having a selective filtrative role as a key component of the yolk sac placenta (Clark et ai, 1975) , also facilitates the migration of the parietal endodermal cells along the inner surfaces of the trophectoderm.
During embryonic development, migrating cells frequently move over extracellular material which is supplied, not by the translocating cells themselves, but rather by the cells over which this movement is taking place (Fujimoto et ai, 1985;  Alvarez-Buylla & Merchant-Larios, 1986; Richoux et ai, 1989) . However, the results of ultrastructural and metabolic labelling studies using mid-gestation rat and mouse tissues have strongly supported a role for the parietal endodermal cells, and not the trophoblastic cells, in the production of these proteins (Jollie, 1968; Clark et ai, 1975; Minor et ai, 1976a, b; Amenta et ai, 1983) . But this stage of pregnancy immediately precedes the degeneration of the trophoblastic layer and the establishment of the chorioallantoic placenta (Minor et ai, 1976b; Semoff et ai, 1982) (Armstrong & Opavsky, 1988; Leveille & Armstrong, 1989 USA] and the animals were mated overnight. The pumps were removed the following morning (09:00-10:00 h of Day 1), rinsed in sterile saline and immediately inserted into a second group of animals (duration of pumping = 8 days) to be used for the induction of follicular development in these animals as well. All rats were killed on the afternoon of Day 5 of pregnancy and the uterine horns were removed and flushed with Opti-MEM 1 Reduced Serum Medium (Opti-MEM 1; GIBCO Laboratories, Mississauga, Ontario, Canada) to obtain a mixture of both zona-enclosed and zona-free blastocysts. Opti-MEM 1, a Hepes-buftered modification of Eagle's Minimal Essential Medium containing NaHCOj (2-4 g/1), non-essential amino acids (0-1 mM), penicillin-streptomycin (50 000 U and 50 000 pg/1, respect¬ ively) and 2-mercaptoethanol (5-5 10~5 m) (all from GIBCO) was used as a basic medium for all the culture-related procedures and supplemented as indicated below to produce the different treatment groups.
Culture of blastocysts. Blastocysts were cultured (37°C; 5% C02 in air) in 8-chamber Lab-Tek chamber slides (GIBCO) containing 300 pi Opti-MEM 1 supplemented with 0-25% bovine serum albumin (BSA, Fraction V), 2% controlled process serum replacement-2 (CPSR-2) and 005% fetuin (all from Sigma; mod-Opti-MEM 1), and in the presence or absence of human plasma fìbronectin (5 pg/ml; Collaborative Research Inc., Bedford, MA, USA) or basement membrane-derived laminin (10 pg/ml; Collaborative Research). Culture was for 48-96 h with medium col¬ lection and replacement (when appropriate) after the first 48 h. In those experiments in which blastocyst outgrowth was to be compared in the presence or absence of serum, a proportion of the blastocysts were cultured in Opti-MEM 1 supplemented (10%) only with heat-inactivated fetal bovine serum (GIBCO).
Isolation and culture of inner cell masses. Inner cell masses (ICMs) were isolated from blastocysts by immunosurgery (Solter & Knowles, 1975 (PBS, pH 70) and then permeabilized (20 min at room temperature) with 0-1 % (in PBS) Nonidet P-40 (Sigma) to render intracellular fìbronectin (or laminin) accessible to the primary and secondary antibodies (Turksen et al, 1984; Carnegie, 1990) . The blastocysts (ICMs) were rinsed with PBS and then incubated (45 min at room temperature per antibody) with either a specific antiserum to human fìbronectin raised in the goat (Terochem Laboratories Ltd, Toronto, Ontario, Canada) followed by fluorescein isothiocyanate (FITC)-or rhodamine-labelled pig anti-goat IgG (Intermedico, Willowdale, Ontario, Canada) or with a specific, rabbit-derived antiserum to mouse laminin (Collaborative Research) followed by FITC-labelled goat anti-rabbit IgG (Intermedico). The slides were then mounted in 0-1 % />-phenylenediamine in 50% glycerol (to retard bleaching of fluorescence during ultraviolet illumination; Johnson & Nogueira-Araujo, 1981) 
Results

Blastocyst culture
For this investigation, 2897 blastocysts were collected from 57 superovulated rats on Day 5 of pregnancy. The mean blastocyst yield was 50-8 ± 2-3 per female and was not influenced by allo¬ cation to either the first (51-9 ± 2-9 blastocysts/rat) or second (49-7 + 3-6) group of animals to be implanted with each batch of FSH/hCG-loaded mini-osmotic pumps. At 24 h of culture, all blasto¬ cysts were still free-floating; however, those that were zona-enclosed at the time of isolation had now completed the hatching process (Fig. la) . Over the ensuing 24-h period, the blastocysts col¬ lapsed and began to attach to and to spread on the culture surface (Fig. lb) . Cellular attachment and outgrowth appeared to be equivalent whether the embryos were maintained in the presence of fìbronectin or of laminin; under both culture conditions, trophectodermal cells viewed at 72 h and 96 h of culture became progessively more flattened and well-separated from one another (Figs lc, Id). Inner cell mass-derived cells (smaller and more rounded in shape than the trophectodermal cells) usually remained on top of the trophectoderm and migrated to varied extents, such that they formed either a centrally-located cell cluster (Fig. lc, arrowheads) or several smaller islets of cells (Fig. Id, arrowheads) attached to the upper surfaces of the trophectodermal cells. Table 1 summarizes the outgrowth of blastocysts cultured for 72 h in serum-supplemented (10%) Opti-MEM 1 or under the three serum-free culture conditions used for this study. While the presence of fetal bovine serum is associated with a considerably greater extent of trophectodermal cell proliferation and outgrowth (6-7-fold; < 001), trophectodermal cell attachment and spread¬ ing (2-3-2-7-fold; < 001) was still supported by mod-Opti-MEM 1 (Table 1; Fig. 1) , thereby allowing the distribution of laminin and fìbronectin within the flattened trophectodermal cells to be readily visualized. While the extent of outgrowth was similar among the three serum-free treatment groups (P > 005), trophectodermal cell attachment appeared to be more tenuous when blastocysts were cultured in mod-Opti-MEM 1 alone (no fìbronectin or laminin) in that these blastocysts were occasionally dislodged during the fixation, permeabilization and washing steps associated with immunolocalization. hatched blastocysts before trophectodermal cell attachment is 11-5 ± 0-6 10~3 mm2 («= 15).
Fìbronectin immunolocalization
Positive immunostaining for fìbronectin was observed in freshly isolated, detergentpermeabilized blastocysts, both within the cellular cytoplasm and as a fine outline to individual trophectodermal cells (Fig. 2a) . A non-specific yellow-orange nuclear autofluorescence was frequently observed in some trophectodermal cells following paraformaldehyde fixation and per¬ meabilization with detergent. This allowed the two trophectodermal cells in mitosis in the blasto¬ cyst shown in Fig. 2a (small (Fig. 4b) . While the level of this fluorescence was slightly higher than that observed in the control ICM-cells (incubated with FITC pig anti-goat IgG only; devoid of cytoplasmic fluorescence), the staining was diffuse, without subcellular pattern and sufficiently weak to be considered non-specific background fluorescence.
Laminin immunolocalization
In contrast to fìbronectin, little to no positive immunostaining for laminin was observed in the freshly isolated, detergent-permeabilized blastocysts (Fig. 3a) . However, both trophectodermal and, to a greater extent, ICM-cells displayed strong cytoplasmic laminin immunoreactivity after 48-96 h of culture (Figs 3b-d) . The centrally located ICM-cells were readily distinguished in these embryos by their high level of cytoplasmic fluorescence (Figs 3b-d; arrowheads) . A punctate pat¬ tern of laminin distribution was evident in the more spread and flattened trophectodermal cells (Figs 3e-f, arrowheads) . A high level of staining was frequently observed in the perinuclear regions of these cells (Figs 3e & f) .
As with the intact blastocysts, the cytoplasm of cultured ICM-cells contained a high quantity of immunoreactive laminin (Fig. 4a) . In addition, streaks of laminin, presumably deposited by the ICM-cells, were seen in association with the collagen IV-coated surfaces between these cells (Fig.  4a, arrowheads) .
Discussion
This paper describes the collection of about 50 blastocysts per female rat and their culture in serumfree medium. A high rate of embryonic development was observed when superovulation was induced using FSH/hCG-loaded mini-osmotic pumps rather than PMSG. This has been attributed to lower circulating concentrations of androgens and oestrogens during the cleavage, compaction and cavitation stages which are occurring in the absence of a gonadotrophin (PMSG) with an excessively long biological half-life (Leveille & Armstrong, 1989) .
The successful culture of mouse blastocysts in serum-free medium has been reported. One study used EM-2 medium, a somewhat complex formulation composed of 50% NCTC-109 (GIBCO) and 50% PCM (Preimplantation Culture Medium; Goldstein et ai, 1975) as well as numerous supplements (Rizzino & Sherman, 1979 (Carson et ai, 1988; Sutherland et ai, 1988) . In this study, a commercially available medium (Opti-MEM 1, a special formulation from GIBCO with reduced serum requirements), supplemented only with BSA, CPSR-2 and fetuin, supported the hatching, attachment and outgrowth of rat blastocysts. While the extent of blasto¬ cyst outgrowth was not equivalent to that observed with serum-supplemented Opti-MEM 1, trophectodermal cell attachment and spreading as well as giant cell transformation did occur, thereby allowing the presence of extracellular matrix proteins within these cells to be evaluated in the absence of undefined serum influences. It has been reported that the attachment-associated Fig. 2 . Immunolocalization of fìbronectin within a freshly isolated blastocyst (a) or in blasto¬ cysts cultured for 48 (b), 72 (c, d) or 96 h (e, f) in mod-Opti-MEM 1 supplemented with laminin. All blastocysts were incubated with goat anti-human fìbronectin and then with FITC-labelled pig anti-goat IgG after fixation in 3-7% paraformaldehyde followed by permeabilization with 01% Nonidet P-40. In the freshly isolated blastocyst (a), fìbronectin delineates some of the trophectodermal cells (large arrowhead). Non-specific nuclear autofluorescence (yelloworange in colour) also reveals the condensed chromosomes (small arrowheads) of two trophec¬ todermal cells in mitosis in this blastocyst. Fibrils of fìbronectin are present adjacent to the trophectodermal cells (e, f; arrowheads) or where the cells have been more extensively digested by the detergent (d, arrowhead), = nucleus, 690 (a, e, f); 275 (b, c, d ).
pattern of protein secretion by mouse blastocysts is the same, regardless of the presence of serum in the culture medium (Nieder, 1990) . CPSR-2 is a bovine serum-derived serum substitute which contains undetectable levels of plasma-derived fìbronectin (<6 ng/ml; J. A. Carnegie, unpublished observation) and has low mitogenic activity. Fetuin, a siala ted glycoprotein serine protease inhibitor comprising 45% of fetal calf serum proteins (Fisher et ai, 1958) , promotes mouse trophectodermal cell attachment and outgrowth in vitro. Hence, a method for in-vitro maintenance of rat blastocysts in an environment free of serum-associated attachment factors is described. Trophectodermal cell attachment and spreading is supported, thereby allowing laminin and fìbronectin distributions within whole cells to be visualized with a reasonable level of resolution. In addition, this system provides a means for the subsequent evaluation of the hormonal regulation of laminin and fìbronectin production by these cells (Rizzino & Sherman, 1979) .
In this study, rat trophectodermal cells were found to contain both fìbronectin and laminin. This is the first report of the localization of either of these glycoproteins in rat blastocysts. Previous studies on the embryonic distribution of these proteins have confined themselves primarily to the mouse and the pig. In the mouse, fìbronectin has been found both on the inner aspect of the trophectoderm of preimplantation blastocysts as well as within the cytoplasm of the endoderm, mesoderm and trophectoderm of implanting egg cylinders (Zetter & Martin, 1978; Wartiovaara et ai, 1979; Yohkaichiya et ai, 1988) . Fìbronectin is also present on the blastocoelic face of the trophectoderm and within the trophectodermal cells of early pig embryos (Richoux et ai, 1989) . In mice and pigs, as well as in rats (present study), fìbronectin deposition on the blastocoelic surface of the trophectoderm was observed before the migration of the inner endodermal layer had occurred. Indeed, Richoux et ai (1989) suggested that endodermal cell migration is facilitated in pig embryos by trophectodermally derived fìbronectin.
A role for the trophectoderm rather than the endoderm in the production of fìbronectin during the initial stages of Reichert's membrane deposition is further strengthened by the results obtained by immunostaining ICM-derived cells. Little to no cytoplasmic reaction for fìbronectin was seen in these cells. The presence of fìbronectin within the parietal and visceral endoderm of mouse egg cylinder stage embryos has been reported (Wartiovaara et ai, 1979; Yohkaichiya et ai, 1988) and the possibility cannot be ignored that the ICM-cells in intact blastocysts may contain some fìbro¬ nectin whose synthesis is trophectodermally regulated. However, mid-gestation mouse parietal endoderm appears to be incapable of fìbronectin synthesis (Jetten et ai, 1979; Hogan, 1980) and, during the migration of pig endodermal cells, fìbronectin was found only within the trophectoder¬ mal cells and at the interface between parietal endoderm and trophectoderm (Richoux et ai, 1989) . It would therefore appear that rat trophectodermal cells are at least the primary, if not the only, source of the fìbronectin found in Reichert's membrane at the time of parietal endodermal cell differentiation and migration. Indeed, fìbronectin is concentrated toward the trophoblastic side and is virtually absent from the endodermal side of mid-gestation mouse Reichert's membrane (Semoff et ai, 1982 (b, c, d; arrowheads) . The granular pattern of trophecto¬ dermal cell laminin immunoreactivity is revealed in (e) (arrowheads) and (f)· has shown Day-6-5 mouse trophectoderm to be capable of fìbronectin synthesis (Semoff et ai, 1982) .
Laminin is a marker for mouse parietal endoderm (Strickland, 1981) and its presence in the blastomeres of 8-and 16-cell mouse embryos has also been reported (Leivo et ai, 1980; Wu et ai, 1983) . In this study, freshly isolated rat blastocysts did not stain strongly for the presence of this glycoprotein. However, once blastocyst collapse and trophectodermal cell attachment had occurred, all of the ICM-cells stained intensely with the laminin antibodies and a punctate pattern of laminin immunoreactivity was also discerned in the cytoplasm of each flattened and well-spread trophectodermal cell. Pig endodermal cells do not secrete laminin until the migration process has been completed; this laminin may therefore then stabilize the interactions between the stationary endodermal cells and the trophectoderm (Richoux et ai, 1989) .
In contrast to the rather uniform and granular pattern of cytoplasmic immunostaining for fìbronectin, that for laminin was distinctly punctate and localized perinuclear concentrations of this glycoprotein were frequently observed. Similar intracytoplasmic laminin-containing vesicles have been described in pig endoderm (Richoux et ai, 1989) and probably reflect the sequestering of this protein in the Golgi for glycosylation before secretion (Morita et ai, 1985) . The laminin immuno¬ staining within the rat ICM-cells was too intense to permit the elucidation of its subcellular distribution.
This study has shown that laminin is the primary component of ICM cells whereas the trophec¬ toderm cells of cultured preimplantation rat blastocysts contain fìbronectin as well as laminin. These observations have been made using primarily cultured embryos and caution must be exercised when attempting to extend interpretations to embryos developing in vivo, but the hypothesis that both the trophectoderm and the parietal endoderm participate in the initial stages of Reichert's membrane synthesis is supported. Furthermore, the association of fìbronectin with the trophecto¬ derm in freshly isolated blastocysts, before both the appearance of laminin in this locale and the establishment of the parietal endoderm layer, may point to a role for this glycoprotein in facilitating endodermal cell migration.
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